SYNOPSIS Lumbar and ventricular CSF concentration of homovanillic acid (HVA) and 5-hydroxyindole-acetic acid (5-HIAA) have been determined in 13 patients admitted to hospital for suspected normal pressure hydrocephalus. Low values of HVA in lumbar CSF were found in all patients with reduced CSF absorption and CSF flow inversion. The HVA lumbar concentration remained low after shunt procedure; it increased if obstruction of the shunt occurred. The ventricular CSF concentration of HVA was normal before surgery; it became higher, in two cases, after surgery. No important variations were found in the lumbar and ventricular CSF concentration of 5-HIAA. The possible mechanisms and diagnostic value of these findings are discussed.
Normal pressure hydrocephalus Hakim and Adams, 1965 ) is a syndrome clinically characterized by a subacute onset of a progressive global psychological deterioration and gait disturbances, with or without urinary incontinence. The clinical syndrome is associated with increased ventricular size and normal intracranial pressure (ICP). Brain trauma, subarachnoid bleeding, intracranial infection, cranial surgery, and ectasia of the basilar artery have been recognized as the most frequent aetiological factors. The syndrome can be found also in patients with an apparently negative clinical history. A defect in the absorption of cerebrospinal fluid (CSF) has been postulated as the mechanism for the development of such a syndrome (Lorenzo et al., 1970b ). This assumption is partially sustained by the results of diagnostic procedures and by the efficacy of surgical CSF shunt in a relevant number of cases. Rossi et al. (1974) have recently shown that none of the diagnostic procedures commonly employed to define the syndrome lAddress for correspondence: Dr. P. L. Morselli, Istituto di Ricerche Farmacologiche 'Mario Negri', Via Eritrea, 62, Milano, Italy.
(Accepted 13 August 1974.) 123 (pneumoencephalography and isotope-cisternography) could by itself provide satisfactory information with prognostic value for surgical treatment. Roos (1966, 1969) found that CSF concentration of 5-hydroxy-indole-acetic acid (5-HIAA) was altered in hydrocephalic children and suggested a possible diagnostic value for such a determination. A decreased lumbar CSF concentration of homovanillic acid (HVA) was observed (Porta et al., 1973 : Bareggi et al., 1975 (Galli et al., 1973; Rossi et al., 1974 (Tables 1 and 4 ). Ventricular CSF was collected from a catheter, inserted in the lateral ventricle for ICP monitoring, a few days before the shunt procedure in cases 1, 2, 3, and 10, and from the Pudenz chamber, several days after the shunt was completed, in cases 2, 3, 9, and 10 ( Table 2) . CSF samples were immediately frozen at -60°C, and kept frozen until analysis. HVA and 5-HIAA were estimated according to Korf et al. (1971) with minor modifications.
Control lumbar CSF samples were obtained from nine patients suspected of intervertebral disc hernia whose diagnosis was proved negative by radiculography.
RESULTS
LUMBAR CSF CONCENTRATIONS OF HVA AND 5-HiAA BEFORE SHUNT On the basis of the concentrations of monoamine acid metabolites and the diagnostic procedures that were carried out, the patients included in this study can be divided into two distinct groups (Table 1) . Group 1 In the first group (cases 1 to 8) lumbar CSF concentrations of HVA ranged from 5 to 13.6 ng/ml, with a mean value of 7.5 + 1.2 ng/ml, which was significantly (P <0.001) lower than those recorded in West et al. (1972) . In several instances lumbar and ventricular CSF sampling were performed either simultaneously or within a few hours. The relationship between ventricular and lumbar concentration of HVA and 5-HIAA within the same subject are reported in Table 3. LUMBAR CSF CONCENTRATIONS OF HVA AND 5-HIAA AFTER SHUNT PROCEDURE The data obtained in the six patients examined are summarized in Table 4 .
In five cases (1, 2, 3, 10, and 11) an effective functioning of the shunt was proved by clinical and laboratory findings. The levels of HVA remained lower than in controls (from 7.0 to 28.0 ng/ml) with minor variations with respect to the values found in the same subjects before surgery (see cases 1, 2, 3). No significant changes of 5-HIAA were apparent. The 5-HIAA/HVA ratio was always higher than 1 (range from 1.06 to 5.8).
In case 13 the shunt was not effective, probably because of the very low ICP (3.9 mm Hg). In this patient the lumbar CSF levels, 136 days after surgery, were found to be 71.0 ng/ml for HVA, (A) showed a modest clinical improvement. The lumbar CSF levels were found to be 36 ng/ml for HVA and 53 ng/ml for 5-HIAA with ratio 5-HIAA/HVA higher than 1 (1.5). These data are not comparable with those of Table 1 reporting data obtained four months before CSF shunting. In fact, at the moment of the operation both the clinical picture as well as the CSF dynamics were profoundly modified with respect to this control. A further control performed four months after the shunt procedure revealed a severe clinical worsening; the shunt was found to be obstructed. Lumbar CSF HVA level was raised to 63 ng/ml, while 5-HIAA was practically unchanged (B); the ratio 5-HIAA/HVA was low (0.7). Fortythree days after the shunt revision both the clinical pictures and the biochemical parameters (C) were back to the values observed in (A). Finally, 180 days after the shunt revision, the patient was again admitted to the hospital (D) because of a new worsening of the clinical status. Intracranial pressure recording showed a very low pressure, the shunt was functioning but was not effective: the lumbar CSF levels were of 95 ng/ml for HVA and 42 ng/ml for 5-HIAA and the 5-HIAA/HVA ratio was again low (0.3).
DISCUSSION
The data reported must be considered preliminary and inadequate for definite conclusions, but sufficient for the following analysis of some aspects of normal pressure hydrocephalus.
A correlation can be appreciated, in preoperative diagnosis, between HVA lumbar CSF concentration and CSF hydrodynamics as shown by RISA. The value of the former is considerably inferior to controls (7.5 + 1.26 ng/ml compared with 46.3 + 4.9 ng/ml mean values) whenever an alteration of CSF dynamics (slow diffusion, irregular distribution) is associated with an inversion of flow towards the ventricles, the metabolite concentration in the ventricles being within normal values. HVA lumbar concentration, on the other hand, is superior to controls (63.0 + 14.8 ng/ml compared with 46.3 + 4.9 ng/ml mean values) in cases with no evidence of flow inversion towards the ventricles, although with slow circulation and CSF stasis.
As is known (Moir et al., 1970; Curzon et al., 1971; Garelis and Sourkes, 1973) HVA enters the CSF mainly in the lateral ventricles. The inversion of the direction of CSF flow and the vicarious absorption in the lateral ventricles (Hochwald et al., 1972; Epstein et al., 1973) . The occurrence of signs of Parkinsonism in some normotensive hydrocephalics (Sypert et al., 1973 ) would favour such a possibility. On the other hand, the increase of HVA ventricular concentration observed in some patients (cases 1 and 2) after surgical shunting might indicate a normalization of the previously damaged dopamine cerebral systems. Our preliminary findings certainly do not provide sufficient evidence for any safe conclusion on the nature of the mechanisms responsible for the phenomena observed. However, they appear to have some practical implications. The study of HVA concentration in the lumbar CSF, in fact, seems to give a reliable indication of the occurrence or not of CSF flow inversion, that is, of a phenomenon which is generally regarded as highly significant for diagnostic purposes. Furthermore, it can provide useful information on the functioning of surgical shunting of the CSF. On such a basis, it can be usefully employed as an integrative means to support the diagnosis of normotensive hydrocephalus. 
